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Nevutrino oscillation

In vacuum: The transition probability
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In matter: Disregarding NC, the effective
Hamiltonian
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Non-standard neutrino interactions (NSI)

At propqga’rion
H,,=H,,+a(5,.5, +5,,)
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At source and detector
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Partonic vs hadronic: NSI parameters

- Partonic level: constant €, |
ﬁ \/
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charged hadronic current

7 Hadronic level: energy dependent €, \/ !
/'l\‘

() In(p) = Via (P(0)|(Vie = Ay)In(p))
PEValn) = ) [P + 50wt FY + L P un(p),
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NSI via form factors

Often in the analysis of NSI, hadronization effects of the
quarks via form factors are not included.

The form factors play an important role in the energy
dependence of the NP effects.

Reasons to consider NSl involving the (v_, T) sector:
Tau-neutrino nucleon cross-section is not well measured
Mass dependence of NP non-universal couplings

The constraints on NP involving the third generation
leptons are weaker allowing for larger NP effects
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Charged Higgs and W™ model

Two examples:

V | V |
\{' \/'

Three subprocesses:
Quasi-elastic: Threshold energy 3.5 GeV (W = M)
A-Resonance: 4.35 GeV, (M+m; <W < W)
Deep Inelastic Scattering: Dominant above 10 GeV

( Wews < W < /s—m, )



Model independent analysis of NP

1 The atmospheric and reactor angles:
N(v,)=P(v, >v.)x®D(v,)xco(v,)
N(@,) =P, >V, )x@(V,)xo(V,)

71 In the presence of NP
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Constraints: Charged Higgs

Constraint on the size of the operator Oyp = al',d7T;v:
can be obtained from the branching ratio of the
decay r — v,
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Constraints: W™ model

Constraint on the size of the operator Oyp = al',d7T;v:
can be obtained from the branching ratio of the
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Quasi-elastic - SM

1 We define the charged hadronic current for the

process (k) +n(p) — LK) +p(p)) y

(p(p")|JuIn(p)) = Vua(p(p')|(Vi — Ap)|n(p))

P Tiln(e) = l6) [ FY + g7 Y (),

~(0) Adn(p) = T(0) [ Fs + 2 Fp | ys1n (1)

1 The SM differential cross section for the reaction

dogy  M?*G% cos® 6, { (s —u) (5 —u)?
= Asy + Bsa,
dt 871 E2 s+ BsvTym M

+ Csnr
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Quasi-elastic - Charged Higgs

11
1 The most general coupling of the charged Higgs

q - _ id; id; 5 _ ilj il; 5 V.
£ =355 Vi, (95 + g57)d; + 7i(98" + o) | HY|
| ,. , | H+
wi, (Mo tanf+mycotf\  wg (md}. tan § — my, cot 3 ) oyl M tanf
s = ( My )’ o= My s =T my n
1 The modified differential cross section
doqn, M?2G2, cos? 8 s —1u s —u)?
ke - 5 C[AH‘|‘BH( 5 }‘l‘CSM’—( ,,4) ]
dt STES M M

Ay = Asy + QIHRE(AIH) + .Ifirﬂﬂ, and By = Bsy + QIHRE(BE}
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Results

Atm: M,=200GeV, E,=5GeV, ’rcm,B 40,50,60
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Reactor: M,;=200GeV, E ,=8GeV, tan=80,90,100
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Quasi-elastic - W' model

1 The lowest dimension effective Lagrangian for W'

interactions to the SM fermions

9

=

Vpr v (91 P+ g5 Pr)fW, + h.c.

1 The modified differential cross section

dUS';‘Lfﬂ—I-i-” JIQG% CCI‘SQ 90 2

(s—w)  _,(s—u
'
dt 8T E2 T

M? M* }

A+ B
= fsm + 2zw Re(fly) + a2 fiy v 2w = M3, /Mg, o [ = A, B, C
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Results
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A Resonance - Results
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o Charged Higgs: M;=200GeV, tanf=40,50,60
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Deep Inelastic Scattering- Results
_16_|

1 Charged Higgs: The deviations of the mixing angles
are negligibly within the kinematical interval.

7 W' model : E=17GeV, (9.7 .9/, gi') = (0.4, -1.13 , -0.85
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Flux effect

I I —————

SM+NSI J"q)SM x sin?(205M+NSTy o doy N dE
jl";'r (E ) Yy Ve ij dE, v
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71 Resonance - Charged Higgs & W' model
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Number of events

Super-K estimated

produced in the 22.5 kton fiducial volume of the
detector by tau neutrinos during the 2806 day.

180.1+44.3 (star) T115 (syst)

—15.2

The v_ cross section can be parametrized as

P. Lipari, Mucl. Phys. Proc. Suppl. 112, 274 (2002) (Mulnt01)
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Number of events (Cont.)

From the SM universality: gt = goonst
T . L _

Within neutrino energy 30-100 GeV

Using Honda model for the atmospheric neutrino flux

Using vertically upward going neutrinos (cos 6 = —1)

SM results: N, = 30.7+£3.37
NP results: Ny = 30.08 @ zero W" couplings
Nyg = 41.49 @ M, =200GeV

NIl fe inadtarad -y 28 I A e L X ‘v
N2 1D RPoOTeny 1all )4 ageleCidpile
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Conclusion

We calculated the effect of a charged Higgs and a
W' contribution to the neutrino-nucleon scattering.

Both models can produce significant corrections to
the measured mixing angle 6,; and 0,.

The deviation in the charged Higgs model is more
sensitive to energy variation than in the W’ model.
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Conclusion

We calculated the effect of a charged Higgs and a
W' contribution to the neutrino-nucleon scattering.

Both models can produce significant corrections to
the measured mixing angle 6,; and 0,.

The deviation in the charged Higgs model is more
sensitive to energy variation than in the W’ model.
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Constraints: Charged Higgs

Constraint on the size of the operator Oyp = al';d7T ;-
can be obtained from the branching ratio of the
decay 7= — 7 v, (Br(t~ = 7 v2)ewp = (10.91 £ 0.07)% )
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Quasi-elastic neutrino scattering

Quasi-elastic scattering makes up the largest single
component of the total ¥=N interaction rate in the

threshold regime E, < 2 GeV. v =
~_—
W+

n—— T P

Llewellyn-Smith formalism for differential cross section

do (uf-}--n.—:uf_—}—p) B M2G % cos®,.

— s — )2
dQ* \ i +p—=>1017+n S7E,? {_4{@2) + B(Q?) (s .uj + C(Q?%) (s —u) }

M? M1
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1 Q.E. form factors

{1 - (1+&)t/aM>, ¢} _ (D) 2M* g1

{flnfﬂ} — {l—tfiﬂ:fﬂj[l—tfﬂ:fﬁ}ﬂ’ g1 = {l_thi}g:- g2 =

2
ms —t
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